Abstract: Objectives: In order to clarify the involvement in the nervous system by cervico-brachial disorders (CBD), we performed neurophysiological tests on the peripheral nervous system (PNS) and the central nervous system (CNS) in patients with CBD, subclinicals and healthy controls. Subjects and Methods: We employed antidromic sensory nerve conduction velocities (SCV) in the hands and fingers for PNS function and event-related potentials (P300) for CNS higher function. Subjects for SCV were 27 patients, 14 workers with sign and symptoms of CBD (subclinicals) and 22 controls. Subjects for P300 were 23 patients, 12 subclinicals and 10 healthy controls. Conclusions: In the PNS, since significant reduction SCV in the index finger among patients was observed, we could not find clear evidence of decrease of conduction function. In the CNS, since the latencies and amplitudes of auditory P300 among patients were significantly delayed and decreased, respectively, and the latencies significantly correlated with symptom score, it was suggested that the dysfunction of the cognition and memory function. However, further investigation is necessary to clarify the mechanism.
Introduction
Cervico-brachial disorders (CBD, repetitive strain injury (RSI), or upper limb disorders (ULD)) became a very important issue occupational health in developed countries 1) . Patients with CBD complained tingling in the hands or fingers as peripheral neuropathy and the disturbance of concentration as disorders in the central nervous system 2) . These observations were confirmed that patients with grade 2 of CBD may complain abnormal sensation, and patients with grade 3 of CBD may complain psychiatric symptoms according to the definition by Committee on Cervico-brachial Syndrome, Japan Society for Occupational Health in 1973 2) . However, objective testing including neurophysiological examination for the diagnosis of the disease have been done very rarely except for electroencephalography (EEG) 3, 4) . The effect on EEG due to CBD was a controversial issue, and that was not settled. Nerve conduction study was rarely applied to the CBD patients except for patients suspected as carpal tunnel syndrome 5) . In order to clarify the involvement in the peripheral and central nervous system by CBD, we performed antidromic sensory nerve conduction velocities (SCV) in the hands and fingers and event-related potentials (P300) in patients with CBD, workers with sign and symptoms of CBD and healthy controls.
Subjects and Methods

Subjects
Subjects for SCV were 27 patients with CBD, 14 workers with CBD signs and symptoms (subclinicals) and 22 healthy controls without CBD sign or symptom. Subjects for P300 were 23 patients, 12 subclinicals and 10 controls. Many subjects for P300 are same as them for SCV, but we did not record or failed to record P300 in some subjects for SCV, and some subjects for P300 rejected to be examined SCV. Detailed description is shown in Table 1 . Since SCV and P300 are not affected by sex, we employed both sexes for subjects.
Methods
(1) Peripheral nervous system: Subjects answered to questionnaire before SCV measurement: SCV measurement was performed in the symptomatic hand in subjects with symptom, and dominant hand in subjects without symptom.
Based on Sakakibara's method 6, 7) , electric stimulations were given at the wrist of the median nerve, and nerve action potentials (NAP) were recorded at the base of the middle finger and the middle of the middle phalanx, in some subjects, the distal phalanx too, using disposable ring electrodes (halfcut width, Nicolet-Biomedical) (Fig. 1) . Recording point at the distal phalanx was a new trial.
In the radial nerve, electric stimulations were given at the forearm or the back of the hand, and NAP were recorded at the cross between the tendon of the index long extensor muscle and the cutaneous vein, the base of the index finger 8) The evoked nerve action potentials were amplified with a band-path from 20 Hz to 2 kHz using an electromyograph (Sapphire 4EM, Medelec Co., UK). Eight to 64 NAPs were averaged for SCV. In order to adjust the SCV which is easily affected by temperature, the skin temperature was measured at the midpoint between the stimulation and recording points using an infrared ray thermometer Type IT340S (Horiba Manufacturing, Kyoto, Japan). The SCV measured for the upper extremities were also corrected for SCV at 33°C of the standard skin temperature using de Jesus's method 9) . The formula used for the correction of SCV is Y 2 = Y 1 (Q 10 )
. Y 2 is corrected SCV at the standard temperature, Y 1 is SCV at the experimental temperature, ∆T is the difference in degrees centigrade between the standard and experimental temperatures, and Q 10 is 1.51.
(2) Event-related potential (P300): Subjects answered to questionnaire before P300 measurement. According to oddball paradigm, P300 measurement evoked by auditory stimulation of 1 kHz and 2 kHz (target sound; frequency, 20%) was performed by button pushing to 2 kHz sound. Disk electrodes were set at Pz, Cz and Fz (International 10-20 system) for P300, and at lower eyelid for EOG recording to the monitoring of interference to P300. These methods were same as previous studies performed for patients with vibration syndrome and lead-exposed workers 10, 11) . (3) Grouping and statistical analysis: Symptoms were answered by 4 grades, i.e. "frequently", "occasionally", "rarely", and "none".
In the PNS symptoms, subjects were grouped as "group with PNS symptom" by more frequent than "rarely" on "asthenia in finger", "hyposthesia" and/or "dysthesia", and others as "no PNS symptom".
The symptoms related with the CNS were scored by the summation of points of frequencies of 5 symptoms. The frequencies are "frequently (3 points)", "occasionally (2 points)", "rarely (1 point)" and "none (0 point)", and 5 symptoms are loss of persevering, disturbance of concentration, forgetfulness, difficulty in collecting thought and disturbance of judgment. The group with CNS symptom was subjects with one or more symptom more frequent than occasionally. Other subjects were grouped as "no CNS symptom".
Statistical analysis
Indicators of 2 groups of symptom (+) and (-), 3 groups of patients, subclinicals and controls, 4 groups of frequencies of symptoms were analysed by ANOVA with multiple comparison using Scheffe's method. Regression analysis between scores of CNS symptoms and latencies and amplitudes of auditory P300 was also performed.
Results
Mean age of subclinicals for SCV were significantly younger than controls (p=0.0226). Only SCV in the index finger in the radial nerve in patients with CBD was significantly delayed compared with that of controls Fig. 2 . In the radial nerve SCV measurement, electric stimulations were given at the distal forearm on the radial bone. Nerve action potentials were recorded at the cross between the tendon of the index long extensor muscle and cutaneous vein, the base of index finger, and the PIP joint.
(p=0.0393) ( Table 2) .
The latency and amplitude of auditory P300 in patients were significantly delayed (p=0.0255) and reduced (p=0.0478), respectively ( Table 2) . Table 3 shows the number of subjects complained PNS symptoms by its frequency. Table 4 shows SCV by the frequency of PNS symptoms. SCV from the wrist to the palm in subjects with PNS symptom significantly increased compared with that in subjects without the symptom (p=0.0245).
The amplitude of P300 in subjects with CNS symptom significantly reduced compared with that in subjects without symptom (p=0.0229) ( Table 5) .
The CNS symptom score in patients with CBD was significantly increased compared with that in controls (p=0.0006) ( Table 6 ). Significant single correlations between latency and amplitude and CNS symptom score (p=0.0213 and p= 0.0352, respectively) and significant multiple correlation between latency and CNS symptom score and age (p=0.0370) were observed ( Table 7) .
Discussion
In the PNS function in the present study, we observed only one significant reduction of SCV of the index finger in the radial nerve in patient group. In the CNS higher function, we observed significantly delayed latency and reduced amplitude of P300 in patient group or group with CNS symptoms, and positively and negatively significant correlation between latency and amplitude of P300 and CNS symptom score, respectively. The finding of reduced PNS function was limited in the index finger in the radial nerve. The reduction might be caused by many sign conversation translators. They move their fingers to extension and flexion very frequently. Such movement might bring mechanical damage similar to the medial plantar nerve damage among athletes 12) . However, no other finding of SCV and clinical observation that the reduction of the muscle tenderness was accompanied with the reduction of tingling and other PNS symptoms 13) suggests that the main PNS symptom may be resulted by referred pain with the fascia of the damaged muscle.
The damage in the superficial cutaneous branch of the radial nerve is very well known as entrapment neuropathy, but other disorders are very rarely described 12) . SCV in the distal part from the back of the hand was rarely examined except for the study conducted by one of author 8) . The SCV study in the index finger in the radial nerve has some limitations, that is, the median nerve is stimulated if high intensity electric stimulations are given, the recording of NAP is difficult in the thick index finger, and coefficient of variance (CV) was 17.6% in the healthy controls. However, it may be necessary to develop as few method of SCV in the radial nerve.
The findings of the reduced higher function of the CNS showed that the CBD patients and subclinical subjects with symptoms related to memory and recognition have psychophysiological background expressed by P300. In other words, their symptoms related to memory and recognition will have corroboration represented by P300.
In the occupational field, the exposure to organic solvents, lead and manganese and vibration syndrome bring delayed latency of P300 10, 11, 14, 15) . P300 should be utilized more frequently as an objective method for assessment of the CNS higher function.
Conclusions
We examined CBD patients and subclinical subjects using antidrohmic SCV in the hand and fingers in the median and radial nerves and P300. In the PNS, the reduction of SCV in the index finger in the radial nerve and clinical observation suggested that the PNS symptoms of CBD might be referred pain. In the CNS, delayed latency and reduced amplitude suggested that CBD affected the CNS higher function among CBD patients and subclinical subjects.
